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60114 _Ailéron Characteristios M = .50 . 6.127
6.115 Alleron Characteristios M = .80 6.128
6,116 _ Atleron Characteristics M = .95 6.129 |
6.117 = Aileron Characteristics M = 110 6,130
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FIGURE INDEX (Cont?d)

Figure - Title " Pege

6,118 . Lateral-Directional Stability M = 1.4 6.132
6,119  Lateral-Directional Stability M = 2.5 . 64153
6.120  laterel-Directional Stability M = 3.5 . 6.134
6,121 Rudder Effectiveness M = 1.4 64135
6.1227 Rudder Effectiveness M = 2.5 : o 6..136 
6.123 ﬁudder Effecﬂveness M.s 3.5 | | 5;137
6,124 Single Rudder Characteristics M = 1.4 6.138
55:125 Singlé Rudder Characteristics M = 2.0. ) 64139
6;126 Sinéle"Rudder Characferistics M = 3.5 v 6:140 '
'3;1,27 . Ailerén Chaz_-acteristiés S;-lp'm = 14 | 6.141
6128 Mleron Characteristics Sp-15"M = L4 6.142
6.129 | Aleron Cl-xaracteristiésls.-;-lo'M = 2.0 6.143
@»150 Aleron Characteriétips &4-15'11 « 2,0 | '6.1%-
6.131  Alleron Characteristics S5-10°M = 3.5 6.145
61152’ | Aleron Characteristios §=-15"M = 3.5 | ;5-’1‘*5
6.133  Directional Stability M = 6.0 N , 6.1#9
- éﬁl}u Directional Stability M = 8.0 | 6.149
6.135 Directional Stability M = 9.0 6,150
6‘:;136“ Directional s'cabiiilty M = 9.0 Low Ryz 6;_151._
ESt A Directional Stability M = 11,0 . 8.152
6:158 - 8ide Force Derivati-ve M = 6.0 _' “ _5:155
6:139 | s;de,Foraé Derivative M = 8.0 L - 6.5k
6140 Side Force Derivative M = 9.0 6,155
6.141  8ide Force Derivative M = 9.0 Low Ry~ | ‘6.155.
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FIGURE INDEX (Cont'd)
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Side Porce Derivative M = 11.0
Lateral Stability M = 6.0

Lateral Stability M = 8.0

Lateral Stability M = 9.0

Lateral Stability M = 9.0 Low RNG

Lateral Stability M = 11.0
Lateral Directional Characteristics M = 6.0
Lateral Directional Characteristics M = 8,08

Lateral Directional Characteristics M = 9.0

" Lateral Directional Characteristics M = 9.0 Low

B3

' Lateral Directional Characteristics M = 11.0 -

Rudder Characteristics 8 = 0 M = 6.0
Rudder Characteristics # = -5 M = 6.0
Rudder Characteristics B=+5M - 6.0

Rudder Characteristios @ = 0 M = 8.08

'Rudder Characteristics @= =5 M = 8,08

Rudder Characteristics #= +5 M = 8,08

~ Budder Characteristics #= 0 M = 9.0

Rudder Characteristics A= =5 M = 9.0
Rudder Characteristics (F= +5 M = 9.0
Ailgron Che.raoteri_stics A=0MNM= 8,08
Adleron Characteristics (7= -5 M = 8,08

dileron Characteristics /7= +5 M = 8,08
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6,147
6.158
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6,260
6f161
6.162

6.163
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. 6,165
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6.167
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" 6.169
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6,171
6.172
6.173
6.17h
64175
6,176
6,277
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6,179

U3- 40111000 (was 8AC 1844-L-RS)

'Ap_prO\‘/ed‘For' Relea'se 2003/10/15 : CIA-RDP70B005

NO. D2-8006y




- (i.

Approved Fer Release 2003/10/15 : CIA-RDP70800584R000200010001-1

FIGURE INDEX (Cont'd)

Figure ‘Pitle Page
6.165 Aileron Characteristics £ = O M = 9.0 6.180
6.166 Aileron Characteristics @ = =5 M = 9.0 6.181
6.1677 Aileron Characteristics @ = +5 M = 9.0 6,182
6,168 Effect of Speed Brake Deflection on Trim 6,184
6.169 Effect of Speed Brake on Rudder Effectiveness 6.185
6.170 Effect of Rudder Position on Cy, ' 6.186
6.171 Effect of Mach Number on Rolling Derivatives 6.188
60172 - Effect of Mach Number on Yawing Deriv&tives 6.189
' 6,173 - Effect of Angle of Attack on Yawing Derivatives - 6.190
, Landing Speed :
.«.‘;:171* E.t‘fect of Angle of Attack on Rolling Derivatives 6.191
S = Lending Speed . '
‘ "‘Grsl'{S : “Rudder Hinge Moment Coefficient oL = 0° 6.193
6.176 Rudder Hinge Moment 'Coefﬁcient o = 10° 6.194
"6.177 Rudder Hinge Moment Coefficient o -?-15‘ 6.195
6»178 Effeot of Sideslip on Rudder Hinge Moment 6.196
6.179 Effect of Rudder Deflection on Rudder Hinge 6.197
J Homent M = 0.50
64180 Effect of Rudder Deflection on Rudder Hinge 6.198
o Moment M = 0.80 :
6,181 Effect of Rudder Deflection on Rudder Hinge 6.199
‘ Moment M = 0.90 _ _ ‘
| 6.182 Effect of Rudder Defleotion on Rudder Ainge 6.200
- Moment M = 0,95 ,
6,183 “Bffect of Rudder Deflection on Rudder Hinge 5,201
Moment M = 1.00 ' S
He 184 Effect of Rudder Defleotion on Rudder Hinge 6.202
" Moment M = 1.10 - ’
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FIGURE INDEX (Cont'd)

BOEING

Figure . Title Pege
6.185 Effect of Rudder Deflectlon on Rudder Hinge 6.203
o Mopent M = 1.40
6.186 Effect of Rudder Deflection on I{tﬁdder Hinge 6204
' Moment M = 2,00
6.187 Effect of Rudder Deflection on Rudder Hlnge 6.205
Moment M = 2, 50 ' :
6,188 Effect of Rudder Deflection on Rudder Hinge 6.206
: Moment M = 3.50
6.189 Summsry of Effect on Rudder Defle'é.tion on 6.207
. Rudder Hinge Moment » o
7.1 Longitudinal Stability - Mach No. Effect Tk
' Glider + Transition '
7.2 Longitudinal Stability M = .8 Glider + 7.5
Transition :
743 Longitudinal Stability M = .95 Glider + 7.6
Transition -
7ol Longitudinal Stability M = 1,0 Glider + 7.7
|- ' "Transition
N
L Te5 - Longitudinal Stabllity M = 1.1 Glider + 7.8
Transition
Te6 Longitudinal Stability M = 1.4 Glider + 7.9
- Transition
ToT Longitudinal Stability M = 2.0 Glider + 7.10
: -'I.'_ransition
7.8 Longitudinal Stability M = 3.5 Glider + 7.11
Transition S :
7.9 ‘Longi tudinal Stability M = 8.08 Clider + 7.12
. ‘Pransition . ‘
7410 Pitching Moment due to Pitching Velooity 7.13
: _ Glider + Transition
Toll " Elevon Hinge Moment Coefficients - Mach No. T.14
‘ _-Eff_eot Glider + Transition. -
LRI g
13.4071-1000 )

' NO. D2 - 80065

Approved For Release 2003/10/15 : CIA-RDP70800584R00020001000h MG&E 20




T S TR RN [, AL R LTI T ey Sy e T

R AR R i

R TR A | R SRt A ST PR R A e

Approved For Release 2003/10/15 : CIA-RDP_70300584R000200010001-1

FIGURE INDEX (Cont'd) }
Figure Title

Eage
Tad2 Elevon Hinge Moment Coefficienta M = 8 Tel5
: Glider + Transition ,
Tal3 Elevon Hixige Moment Coefficients M = .95 T.16
- - Glider + Transition
Twlh ~ Elevon Hinge Moment Coefficients M = 1.0 7.17
Glider + Transition _
T+15 Elevon Hinge Moment Coefficients M = 1,10 T.18
Glider + Transition '
7416 Elevon Hinge Moment Coefficients M = 1.40 7.19
’ Glider + Transition ‘ :
T«17 . Elevon Hinge Moment Coefficients M = 2.0 7.20
: ' ~ Glider + Transition
Tel8 Elevon Hinge Moment Coefficients M = 3.5 7.21
Glider + Transition:
Tel9 © Aerodynamic Center vs M Transition Section On T.24
7.20 " Yawing Moment Coefficient ve M Transition 7.25
Section On :
T2k Side Forée Coefficient wva M Transition Section T.26
7022 . Directional Stability M = .5 7.27
Te23 Directional Stability M = .9 7.28
742k Directional Stability M = 495 7429
T+25 Directional Stability M = 1.0 7.30
7426 Directional Stability M = 1.1 7.31
Te27 Directional Stability M = 1.4 Te.32
- Te28 Directional Stability M = 2.0 Te33
7429 Directional Stability M = 3.5 T.34
Ts 30 Directional Stability M = 8.0 7435
7.31 Rudder Hinge Moments of = O Transition Section 736
, On _
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‘FIGURE INDEX (Cont'd)
Figure Title ' , Page
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10.18 Effect of Altitude on M oo = 28 Drag Polars 10.20
10.19 Landing Speed Cx W3 O - 10.21
10,20 Subsonic.C = ve o< | o .22
10.21 ~ Supersonic ‘C x YD o 107.23
10,22 Hypersonic Axial Force Coefficients | 10,24
10423 " Zero Lift Drag Coefficient Abort Vehicle -_ 10.26

. Power On
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10425 Supersonic Lift Curves Abort Vehicle - Power On  10.28
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1.0

U3-4071.1000

. abort vehicle in the presence of the air carrier.

times pending the results of additional wind tunnel data and analysis.

RN B

INTRUDUCTION

This document is prepared in fulfillment of the requirements of
paragraph B(l.1.1.1.3.1) of the Statement of Work, System 620A
Dyna Soar (Step I),Exhibit 620A-61-28, dated 1 Septenber 196l. " The
purpose of this document is to present the current status of the

Dyna Soar glider's stability and control aerodynamic characteristics.

The contents include static and rotary force and moment coefficients,
trim characteristics, control surface hinge moments, limited effects
of flexibility and thermal deformation and aerodynamic performance
characteristics. Limited data is also presented on the glider and

The purpose of this document has also been broadened to the extent
that it becomes the primary vehicle of aerodynamic data and flight
constraints for flight control subsystem design and simulator desigm.
Now data sections including performance, constraints due to aerodynamid
heating and loads, and glider aerodynamic characteristics in the
presence of the air carrier for drop tests have been added to fulfill
the documents broader objectives.

Significant changes have been made in the glider and abort vehicle
aerodynamic configuration to warrent a complete revision of this
document. These changes are described in detail in Section 3
wgonfiguration Description. Pime has not permitted complete wind
tunnel test verification over the flight regime of the latest con-
figuration. ' - :

Periodic revisions to this document are scheduled for the future.
Additions and revisions to the data presented will be made at these

soene | O P BoosS
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Boeing Document D2-6444, "IBM 704 Compressible Laminar Boundary
Llayer Program # 1" by K. Halvorson and Ce. Cassmeyer.

Boeing Aero-Performance CS #28, "Results from Digital Programs
Solving the laminar Compressible Boundary Layer" 24 August 1960.

HASA TMX-287, Theoretical Stability Derivatives for the

X~15 Research Airplane at Supersonic and Hypersonic Speeds
Including & Comparison with Wind Tunnel Results, by Walker

C110-10440, Dyna-Soar I Configuration Evaluation Wind Tunnel
Test Report Series II, Bell #ircraft Corporation, May 1959,

Donovan and lawrence, "Aerodynamic Components of Aircraft at
High Speeds," High Speed Aerodynamics and Propulsion Series,
Vol. 7, Princeton University Press, 1957, pp. 150 to 172.

Boeing Document D345712, "Aerodynamic Analysis Report of B-52/
Dyna-Soar Glider Wind Tunnel Test," BTWT 647, October 24, 1961.

Appropriate Wind Tunnel Tests
BTWT 634 D2-8225, Data Report, Boeing Transonic Wind Tunnel
Test Number 634 Low Speed Longitudinal and Lateral

Stability Tests of ADS44I-1 A 0.15 Scale Model of
the Dyna-Soar Step I Glide Vehicle.

BTWT 655  D2-80298 Data Report, 655 Transonic Speed Test of
: the Dyns-Sosr Glider .

BTWT €72 = D2-8049% TUnreleased Yocument
BTWT 680  No document number or title at this date.

BTWT 682 Fo document number or title at this date.

 BTWP 685  No document number or title at this date,.

BSWT 105 D2-80347 Unreleased

> BSWT 113  D2-80407 Unrelessed

BSWT 113B D2-80492 TUnreleased
BAC 18 D2~80006 Data Report AC Tunnel B Boeing Test No. 18

- Bypersonic Stability and Performance Tests of AD540I-1

A 066 Scale Model of Dyna-Soar.

BAC 21 D2-80418 Unreleased dooument.
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S .
g& 240 CONFIGURATION DESCRIPTION
3.1 CONE;QURATION DESCRIPTION - GLIDER

| - ) A three view drawing of the model 8ii4-2050 Revision D glider is
j presented in Figure 3. . The glider is shown in the cold shape
: or jig condition as would exist prior to re-entry. A photograph
! : of an <067 scdle model of this configuration is shown on Figure 3.2 ,

Features significant to the stability and control characteristics
are discussed in the following paragraphs.

‘The wing is essentially triangular in planform with a leading edge
sweep angle of 72° 48'. s T, N
. . . _.t. fThe lower surface of the wing is a flat surface with
a positive nose incidemce of 3° gecurring at Body Station 299.00.
Thermal deformation will increase this nose bend up to approximately
4°, The clearance between the outboard edge of the elevon and the

. pudder actuator housing has taken the form of a tapered gap. This
gap has been minimized to allow maximum longitudinal stebility in the
subsonic~transonic regime while still satisfying the thermal ex-
pansion requirements for clearance at hypersonic speeds.

The forebody nose contours have the greatest destabilizing effect

e o in yaw. These contours are determined from aerodynamic considerations,

?I'<> = : structural, space, and visibility requirements. A ramp, comrencing at

' ’ Body Station 388.5 and expanding to a thickness of 12.0 inches at the

: - aft end of the body, has been added to the top surface of the bodye.

} This ramp produces a positive C shift and & reduction in elevon

! hinge noments at low supersoniqmgpeeds. This ramp has also a favor-
able effect on transonic directional stability. The APU exhaust
ports are relocated on the ramp.

A probable critical temperature problem innate to the previous cab-
heatshield design has required a modification of these parts. The
changes have essentially raised the top portion of the heatshield
and replaced the radial fairing between the top and front of the cab
with a flat surface. ' :

The speed brake has been deleted. Studies have revealed that the
simultaneous outboard deflection of the rudders will provide the
necessary braking effect.

The vertical tail must provide an efficient 1ifting surface and yet
be of minimum dimensions for weight, drag, structural, and thermal
requirements. Tae existing planform of 844-2050 D glider has an
area of 31.3 ft. per side with a 55° leading edge sweepe. The tail
is located as far aft of the center of gravily as structurally

‘ o possible for static directional stability and on the wing tips to

l minimize wing and body interference. The tails are canted inboard

(2200
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(.‘! - 501 CONFIGURATION DESCRIPTION - GLIDER (Conttd)

at an angle of 9° 56' to give.increased directional stability through
small angles of sideslip at hypersonic speeds. .

A significant change in the vertical tail for this configuration is
the increased thickness of 8.0 inches. The leading edge ot the fin
i made up of a 3.0 inch radius which satisfjes the heating design
requirement,-and a flat surtace required to complete the 8.0 inch
" ¢hickness. BHowever, this "radius-flat" leading edge fairs into a
4,00 inch radius leading edge at the rudder.

Physical dimensions of the actuators have required the enlargement
of the rudder actuator housings. Other modifications, primarily
required for heating and clearence requirements, are the 4.0 inch
radius on the upper fin at the rudder hinge line and a 20,0 inch-
radius on the lower rudder at the hinge line. ' :

The rudders will be trailed inboard 6° O' from the faired position
to reduce hinge moments for the subsonic through low supersonic
‘gpeed range. To obtain the directional stability required at higher
speeds, the rudders will be in the faired position as shown in
e 34 . The position of the rudder trail will be controlled by
" the pilot. The rudders will be deflected together and will be cap-
able of 35° outboard and 12° inboard deflection. S

Aerodyramic control sbout the pitch and roll axis is provided by the
_trailing edge elevons. The elevon planform has been influenced by
several design considerations. The inboard edge is determined by
structural and space requirements. The sweep and radius of the out-
board edge and leading edge are determined by aerothermodynamic limits
and by the rudder actuator housing. . The trailing edge and sweep
hes been determined by planform studies of sweep angle for best
stability. The elevons have the hinge lines normal to the plane of
symmetry of the vehicle. The trailing edges are swept 10° 28'. The
outboards edges have been modified to obtain a minimum gap and to
sonform to the enlarged rudder actuator housang. These boundaries

have produced a total elevon area of 6,0 £t.“ with a minus 10° O
wedge cross section.

The elevons provide the glider with adequate pitch control to trim
and maneuver the glider. The differential use of the elevons pro-
vides the necessary roll control. The elevons must also provide
adequate control moments for augmentation as required by ths Flight
 Control System. The deflections of the elevons are 55° up and 16°
down at s deflection rate of 20°/sec. under no loade

The glider landing gears, equipped with uncooled all~skid sﬁrfaces,
utilize the tricycle arrangement. All three atru\s and skids retract

(RO | |
U3 4670 7000 REV, 8/86%
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3.1

CONFIGURATION DESCRIPTION - GLIDER (Cont'd)

forward for storaze. The gear'is extended by a gas system with aero-
dynanic assist. The rate of extension is controlled by the snubbing
action of the gas actuators. No sequencing of the gear is currently
planned during extensione ' . A

The reaction control system used for control during orbital flight

‘and for sugmenting the aerodynamic control surtaces in the upper

atmosphere are powered by a H, and 02 fueled hot gas system. Pilot
control inputs are accomplished throfigh the sidestick controller
when the stick deflection exceeds a predetermined dead band. These
inputs operate on-off valves at the reaction nozzles. The reaction
nozzles are located on the glider to give control about the three
vehicle axes.  The pitch up nozzles are atop the body and aft at
Body Station 450.0. The pitch down riozzles are on the lower surface
of the actuator housing at Body -Station 473,67. The Toll nozzles
sre on the upper surfaces of the wing at Body Station 35543 and

_ Buttock Line 72.0. The yaw nozzles are near the aft end of the body

_ e¢luded in Reference Number _ w

3e2

i

{

‘at Body Station 452.3 and Water Line 124.3.

A more -detailed description of the,cbnfiguratibn and systems is in-

THIRD STACE CONFLGURATION - |

. i ‘
The glider and booster are integrated into an overall flight vehicle

. by means of g transition section which serves as the structural ,
connection and aerodynamically smooth fairing between the booster and

glider. The transition section general arrangement is shown in
Flgure 3.4 . o : S

'Thé glider abort and alr 1launch system consists of the giid”f plus

343

$ransition section vhich contains the acceleration rocket. To achieve |

-additional ontrol during abort, the thrust vector control of the

acceleration rocket is used along with the aerodynamic controls.

The acceleration rocket is a solid propellant rocket with a propellant
weight of 2200 pounds. The four nozzles are all hinged and located
with centers on 45 diagonals in the rear view. They may be all used
in pitch, yaw, roll or combinations required. !

VEIGHTS AND MOMFNTS OF INERTIA -

" The design ﬁeights and moments of inertia for the glider vehiclé aie

P ZieP 4

presented below.

U3 4070 7000 REV. 5/61 co NFIDENT l Al BOEING l No. D2~ BOOGS
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(j : : 3.3 WEIGHTS AND MOM=NTS OF INERTIA
For the glider alone (transition section off)t.

Weight = 10000 1bs.
Principle moments of inertia about C.G.s

= 19,229 slugs - 51-. (pitch)
, 13; 4378 slugs - £t {roll)
Ik = 22,103 slugs - ft (yaw) .

The nominal center of gravity for the glider alone is at Body
Statlon 355¢3 and Water Line 124, SeeFlgure 31 .

Fbr ‘the 10000 1b. glider plus third stage, Figure 3.3 g1ves ‘the
P , ~ moments of inertia, gross weight, and center of gravity from the be-
o - glnning to the end of third stage burnlng.

3.4 AERODYNAMIC DATA AND REFERENCE CONSTANTS

Aerodynamic data in the document are presented on a fixed body axis :
system. The axis system is shown on Figure 34 , Definition of
‘angle of attack and sideslip and the sign convention for the force
. and moment coefficients are also shown. The sign conventions for
control deflections are shown on Figure 3.5 .

‘Reference constants and gllder alone center of grav1ty location are:
shown on Figure 3.¢ . Some significant aerodynamic conflguration
- constants are also presented. _ . .

[Pl k. -
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WIND VECTOR
(FLIGHT PATH)

1) THE MUTUALLY PERPENDICULAR X, Y, AND Z AXES
ARE FIXED ON THE A/RPLANE, REGARDLESS OF
FLIGHT  ATTITUDE.

2V ANGLE OF ATTACK IS MEASURED N THE AIRPLANE
iaNE OF SymMETRY (X-Z PLANE), BETWEEN THE
ARPLANE X-AXIS AND THE PROJECTION OF THE
WIND VECTOR INTO THEAE X-Z PLANE-

3) ANGLE OF SIDESLIP 1S MEASURED IN OR  PARALLEL
7O THE PLANE DEFINED BY THE AIRPLANE . Y -AXIS
AND THE WiND VECTOR, BETWEEN THE WIND
VECTOR AND THE PROJECTION OF THE AIRPLANE
X-AXIS INTQ THE ABOVE - DEFINED  PLANE.

4.)ror THE DynA Soar 844-2050 CONFIGURATION,
THE X-Y PLANE IS PARALLEL TO THE FLAT, AFT
PART OF THE WING UNDERSURFACE.

FIG.3.4 | -
 Eat R wvisen | 0Tt | BODY AXIS SY STEM l844-20500
Gl ey NOMENCLATURE —~ COMBINEDTE-7"
‘ T T ANGLE OF \ATTACKL*.. SIDESLIF 'D2-80065 .
AP N I BOEING AIRPLANE COMPANY e |
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4.0 DEFINITION OF SYMBOLS
8.0Ce gerodynamic center
A/F airframe
[ wing span
Ba L. buttock line
B,Se body station
Caey CoGe center of gravity
:D drag coefficient
fba‘. left rudder deflection
2;2‘1 right rudder deflection
Wp weight of acceleration rocket propellant
W glider weight
qs Qs Q dynamic pressure
M Mach number
Ix moment of inertia about x axis
I& moment of inertia about y axis
'Xﬁ moment of inertia about z axis
Cag, 2 Cu/d%,
@Hﬁ o Cq / DO(
QHQ hinge moment coefficient at X = 0,, g(: o, 8&“ 0', p =0
C.He N ehc elevon hinge moment coefficient
;{2_%‘%& , C"‘r rudder hinge moment coefficient
& G acceleration due to gravity
n; £ lead foctor = %%t
7 resultant wind velocity or free stream velocity
Walia water line
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PR i 1

mean aerodynamic chord
L

Qq Sw
pitching no ent coefficient,

1irt coefficlent,

S C
pitchin: moment coefficient at
zero 1ift .

= Oy 3T

= 3w/ |

= O/ X\C/l\h

= /354

= o s e

yawing moment coef.ficient, ______N______

ACh /7 apvay) g owls

= 2Ca/ A{rorav)

= e/ an

oo/ a8

VAN
= oy oBeny)

normal force coefficient, _____N:___
- «SCN/ S QS bw, .

= ac«N/ é(f:( C /Il-\l)
N/ v s

= A 38e
- :){;..gu;,lf & {‘%x E*/‘.?.\J.)

1

i

axial force coefficient, . X __
QD

side force coefficlent, Y/q
oh 8 -
- c,“‘{:{\z’i %@_j

Sy é@b /2N -

b4

v | Dz.-soc(.s'wr
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53¢ or Sg
S5y or SR

54,

wd P <4 éﬁ

R

. angle of sideslip

elevon area

rudder area

wing tip extension area

wing area

vbelocity

force along X (roll) axis

force along Y (pitch) axis

angle of.attack

angle «f attack at zero 1ift
Se_-Sa
aileron def.lection angle = ____.Rz L
left elevon daflection angle
right elevon deflection angle

elevon deflection angle, elevons
deflecting together

rudder deflection angle

SR
o pitch angle '
& rcll angle
" yaw angle
by wing taper ratio Ng%_
Cgﬁ rolling moment coefficient,
) ‘ §k?:»vt:
€L p P Btgjagﬁyiv)
g p = oCe/ ryy)
ﬁﬂﬁﬂ -~ ééil/QBQS
Cog T S0y i)
,G@;ha‘ s éQ2/€3§KL
Caggn = 0Ce/38q
Vo 20 Y R -
BAC 1546 1-03
_  BOEING i HO D2-B006T m}ﬂ
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= 3G /a5y
= O/ 3vav)
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hinge moment coefficient, . Y
' SeC
= QC\'\/ éc(, % e-a
= QC\,\ / Aé 2

Moment area of the control surface
aft of the hinge line.
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5.0 CONSTRAINTS DUE TC AFRODYNAMIC HRATING AND LOADS

5el INTRODUCTION .
{ .

Various constraints are placed upon the glider and air vehicle
performance by acrodynamic heating and/or loads. Generally,
these conatraints itake the form of & lowsr limit in allowable
altitude at & given velocity and vehicle attitude. Such limits
may vesult from

{a) Temperaturs limit capability - & function only of
aerodynamic heating rate, surface emissivity, maximum
ellowable temperature, and thermal storage. (The
effect of thermal storage is very small for most
Dyna-Soar conditions.)

(b) Combined temperature/load limit capability - same
as (a) except allowable temperature depends on local
pressure.

(¢} Strustural load factor capability.
{d) Panel flutter characteristics.

There are two generai ciasses of limits: basic limits, which
define the altitude-velocity-attitude region in which the vehicle
can operate, and control surface limits, which primarily define
the allowable control surface deflection limits at a given flight
condition. Basio limits are given in Section 5.2 and control
gurface limiis in Section 5.3.

502 BASLC LUNITS

Glider limits Jor zuro control surface deflection are shown in
Pigures 5.1 through 5.3. Limits are applicable to ithree phases
of flighty i} voost, 2) reentry and 3) abort conditions after
separation, 43 uch, they define minimum allowable altitude for
& given Mach zmumber or velocity as a function of vehicle attitude.

Idmits imposec dur.ng suost (Figurs 9.1} have been evaluated under
atatio conditiuns snd define maximum strucinral load capability
of the air velicie for the Mach numbers irdicated. Duriug higher
apead phases cf bovsi, the glider limits given below must not be
sxceeded, Ldudts due to booater case heating are transient in
nature, requicing valuation for sach specific trajectory, and
gongequentiy rd iiob ohown.

Limita fmpose: duw iay reentry (Figure 5.2) are based on panel
fiutter charwcuteristice and siructural load factor capability at

11-720 by
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velocities from 1000 fps to 3000 fps. The limit is defined by
combined temperature/load 1limit capability of the vehicle from a
velocity of 4000 fps through 16,000 fps. Above 16,000 fps,

steady state allowable temperatures define the limit which are

& function only of aerodynamic heating surface emissivity and maxi-
mam allowable temperature,

There are no consiraints imposed on the air vehicle at the initia-
tion of abort except those limits imposed during normal boost.
However, boost cannot be initiated in a manner that would cause
the glider to peneirate the recovery ceiling or the basic reentry
limits shown in Figure 5.2 and/or 5e3e

limits of the glider and transition section after abort has been
initiated and separation occured is shown in Figure 5.3.
Structural capability is that limited by load factor, flutter
&nd thermal considerations, whichever is the most restrictive.

5«3 CONTROL SURFACE LIMITS

Steady state control surface limits are given for unyawed flight
in Figures 5.4 through 5.20 (elevons) and Figures 5.21 through
5429 (rudders). Limits are shown in terms of minimum allowable
altitude for given velocity, vehicle attitude for given velocity,
vohicle attitude, and control surface deflection; conversely, they
may be interpreted as maximum allowable control surface deflection
for given flight condition and vehicle attitude.

Limits shown are based on steady state equilibrium skin temperatures
suly, and are determined by upper and lower elevon surfaces,
respectively, for up and down elevon deflection, and by the rudder
sutboard surface. No reduction in temperature capability due to
joads has been included, nor any allowance for thermal storage
affacts.

Upper elevon surface material characteristics are such that a cer-
tain amount of transient capabillity is provided; that is, the
siteady state up-elevon deflection limits may be exceeded fox
limited periods during transient maneuvers.

Little éiansient capability is pfovided by surface material
gharacteristics of the lower elevon and outbeard rudder surfaces.
The affect of loads and transients will be included in fuiure

revigions,

Bagic glider limit iines shown in Figure 5.2 are repeated as the
lowar envelope of ihe control surface lines of Figures 5.4 through
5.29, Also shown for comparison purposes are the glider limit
altitudes based on maximum allowable temperature only, neglecting
loads.

L2 b
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Adjustments to rudder deflection limits for the effect of side~
-8lip are made with the aid of Figures 5.30 through 5.334in which

of zerco-sideslip limits. As the effect of sideslip varies with

in future revisions of this document.

R G L o o

the deflection limits including sideslip are presented as a function
angle of attack, plots are presented for o = 17.5, 30, 40, and 55°,.

Effects of yaw on elevon deflection limits have not yet been deter-
mined, but are thought to be relatively small. They will be included

U$ 4070 7000 (iAs BAC 1545 F-R3) CQ N F lEN g:lA[ &

EIN LS

: ' FAGE &
Approved For Release 2003/10/15 : CIA-RDP70800584R000200[)10001?1'3

no. D2~ 8006S

2-3000



e - JE— s " o a o g - - 3 S

_ L
i -
- ;
(
§ a
— m.
3 .
i
«©
d S
E4
w
-
-4
: < Q
S N
~ 2
= - S N (L SO S a
b=
3 .
i . 9’ - FRPR
B - g
N h
| &% P
- ( S W
LoiEar 1R s
! [+
. =~ [ %Y . .
; Py o} ol
: ]
& :
i I
Q
o
4
. : - : : ’ . _' ‘ . 5
— 5 % ¢ § % & R 8 & ¥ & & ¢
; o b S ' . ‘ '
: S IRY 000l e~ 3anLLY ' ‘ :
% ' -y t . : ) F\Q. s-‘
B8aa-
. eae T e Dm STRUCTURAL DESIGN LIMITS 20500
- CHECK | Tz 27 o BOOST PHASE
apr D2-BOOLS
APR ) ‘ ’ - PAGSE
Approved For Rfflease 2093/10/15 : cia-RDP5eB NS fo s dd1-1 Sa

)‘“!’ &(' TR Yh A o AL.ANLNQ..“:':::. 28387




a[ease 200370715 T CIATRDP70B00584R000200010001-1

or

ApPprove

_ CORFIDELTIAL

_CORFIRIAL I TR
: SRR T T B MR e P R SRR Lot

‘ : . S o - . : LRSS SN S e
T o | !BASIC GLIDER : _ w ;

MTITUPE . LIMITS | o D L
RE-ENTRY | .m L o

RS SEE S {

. N
- B - o i P
- b P Y SN - - 2 i
L . ~ b0 T DT L - e - f e o e i D 0GB FPS
u ; . ; : 1 : ; SOV A S S
i : > P Lo O U SRt P SN SLEN UL SO R
e i i m;t e A i : o ; ! { N N oy
| | - D N R N o b i hovers !
L D i . PPN — T T T LT TS T T T T T T I T e e e T E e e
. i ' ' ! ! ‘ ! H H ! [ S O |
- H - - H N i 1
: : o . : i o i : ! t
— - Yo 3 3 20 . 25 . 30 FZ 3 : oo i ok
. Co : . ; ‘ : o ‘ i U AR B R R S R
L D R . DEGRE S o SO SN . SN GBSO S NS UL SR AL
S e : ! ; | . Co FlGa.S.
oo i ﬂ S C Lo cae [ /0 7w | wevsio [ oaTe [ pasic wibER — TEMPERATURE AND | . BA4-
Pt : - Bt . ik JACT PR -] TEMPERATUREZ STRUCTURAL. LoAD ([ %0500
: : . : [ LTY . ALTTTUDE - LIMITS - C .
P : ) APABILITY'  ALTTTWDE LIMWTS ™ 1 |oe-8ooes]
N N R S . ] Arr0 - T
N ! ! : B . o . . B N P SV BT
St : ' ; P “ i R : i ! : i L ! i ! | sus ]
S i H PR

COXFIDERTIAL , o eoun oo ‘ gmﬂwmwﬂ: KE g, e

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1




IYACH /\/G u

Approved For Release 2003/10/15 : CIA- RDP70800584R000200010001 1

L]

. oo

.95

Q0

COMFIDENTIAL

ALTITUDE ~/1000FT

(LT e 1)

- - ae
: : | ‘
; _ | ‘
2£ 20 | - . .eo. | iy . 20 . o 0
T ANELE OF ATTACK - DEG. Tr
‘- L ' ' F16.53
cale D& BENNGTT 245l mewseo | pars | STRUCTURAL LI LINES - GLIDER| 844-
cweer |- | 2 204) PLUS TEANSITICN SECTION = tosob
ol ABOET CONDITION 02-80065
APR PAGE
THE BOEING COMPANY 56
AEP__.Q\!,QQNEQLBQJ.QQSE_Z 1l
U3 4013 5000 “ F"”ﬂ KeoE  Aumant EYTILE




i

pproved For Release 2003/10/1

i

PRI

HOETIAL

“are




FHEHI5EARE002000TO00T-T

AR

SR Saata e oa RR3s

ALY

1
i
ot

i

i

T H

i

it

it

=

Rnin

0

ah

T

s 2041 POU0




Approved For Release'.§003l10115 : CIA-RDP70B00584R000200010001-1

¢

ONFIDENTIAL

CURFIDENTIAL

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

+



PAGH ol
Siei

g 1804 esre

Hh i

i

i S hrhe

i

coa adsadae b by

YE 2041 009

]




DP70 BdO584R000200010001 -1

A-|

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

0/15:

20

or

Approvi




w|rv

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

"
kel

i

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

-

TS TITTTIT
T

5t AR



i
i

A IR Bl

000L IvOF £N

x
m

Mhrva pmevns
el ININVETY

i

Ll i Hiedl iip
Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

sl HER i Bt

siten




Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

It O,

o Rt i

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

US 4041 7000

ALRANENE 1o6L
@  resem reen

ssare



Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

- CONFIDENTIA

i

UUZUUY

b

e,

e 1288 &4
‘gridifin

» CIA-RDP7UBUUS04

f#-.

Approved For Release 2003/107/15

Lt

ol e
5585 dbERAELS




- (

- (

Approved For Release 2003/1 0/15 CIA-RDP70B00584R000200010001-1

y ’ 5 ] “N- \1»0
SRR i c@mm RN
i" ! | '
_,T —n .-.T -A. : - _4 ,. - .... + : e~ M;...., - 229
! L e. ; H : i TR g ;
t } .‘ . , : ! 1 - : f . [t
oETTT T ,””“" AR B " -
. } ' O ' b J . :
. : ; : ! Pl i ! : )
- H "‘ - ""' ";" "'%"“' - - - "‘T.‘“ o ':'"“‘ T - "‘ 2.'0‘ - - M =
N T . P ! 3 : i
SOV U BRI S A N 1 B
IR N N - " ‘ |

,,,-m._.;..w,._,; A -.: SNSRI SUNE SRR 200 -

SNSRI S U SO S R LN N e
IR BT SO f 2 ¢ ; P b ;

RS REE IR A
o | L R R I ; 5

B St : I SR cve e E S SR I S
SR S £ SR TUE I B S B S L

- ~T-'—-;-; —§~——,~‘_~5-~—~ o T -~;—--—- b —-i~—7-—f» i R S 17 -

. N l R 1] & - 1 .

R IS N | RN g\:l'sfﬂ i o o i ' v %

3 ““““'f"";""’%"“ S S S ek . 2Q-.’._.~ T . _.3 -
SN ' ' : ! ' . ; : 3 H ! : .
RN f i bt R ! a8 € oy ea

i - e ARSI ST U,

{ N lf lj i .i ’ ‘ i : - { § :
! ; ! L i : O SRTSAND SN SR 1 A . B
R S e N Y S T AN R T s B
. ; i Lo EREERRTY P28 B Y ER R . S ,»...,.i . .{ . N . .
oo H - o [ ; . iR L ~+ ;

S }» : ‘f [I— . . 1 .-BASIC LIDER 2.0\ {0 L. B e ‘. -

SO ECIPES RS TS i U TEMPERATURE : : _
BRI I LIMIT LINE, 1 ; )

. f_‘..wf.”'.;,.;._.;_?..__.;__ et ‘ : : ‘:___4_ e _1 ,A.....:. - P S S -4 $5°0- ; . ...'T,_. - ;'“7'*‘
T P } L ‘f Fh ;’..:. '.. . ! ) : 1 E

et - ~ EhEVON upr'eﬁ WRFH:E_ e
‘ jfy e - :.21. : . f i i’ : ‘

- ., .',_;N..:;jﬁ;.\. .;.,j<,:.,:......._,.__..'.._;4,.'..,5‘.;..,_...f ST T ;L_ .m_?.,,. z, 1#0 .;’..; . - Aé-. -
S L g s , :",t.,i._ : ;
RO A 5 A B el
fin w ' it ,:’.: R D T MT“N

'. I. .<.. :-...:L - g . ,; . ! E M

NN R fo | 30 | o0 | .~ R

3 I S N L S RO O P A :

TS N SR . NELE. .az.”f;mcu.xynaq;.. U N Y
SR IR T ESSEN IS IR ISORINE SRR MU ST SUSUE SN SRRV SN SR SN IR
B S R A A i

cALC e S Y T : \C

1 prag] e L0 ) TEMPERATURE LIMIT ALTITUDEY S5,
, Al B ELEVONS |, V=/0,00CFPS
ArR . D2- B00¢S
APR : X PAGE
THE BOEING COMPANY Sle

Us 4019 3000

Approved For Release 2003/1 0/15

306584R0002000100012%

-E

lklﬁulnt tesn
TAACIL bare

48587



?

1 H
i !
1 ! !
! !
: !
: !

R e !
1

&
b
N

- ALTITUDE by

i
!
i

§

boo

)
ad

S .

: .
=3 :
e - s

i

o : :
iy : :
R N
¥ : -
I i
| :
N i
i :

e ve e ien g,

PR
T

W

| .
i : . m '
: ARV
: ) T

B S Y U S .
{

H .
’ ]

e

<v

. H n i

' . i

mea - . - .

1 :

R ISR :

: oot :

B e D SRS U SUUI
MV . o TR

s £

» 2 i

< o~ i

: -

t

Approved For Release 2003/10/15 : CIA-RDP70B

o

!
1
i
!
- :
ey
R
R S
!
!
S

L S
‘

e

RSSO S SIS |

e R S

UPPER, SURFAC

f"’“‘ .

DA
|

i

1

I : t
e

il

.... .ML.:..!L....,.‘ -w R & &
Mw = ¢~‘. : J.
&g il w
@ e

~ ELEVON U

= ELEVON_LOWER

§ i
R : : .
: e ..
1 . 1
3 o
i ; !
H H
LR N - :
: ! i
) H
: :
- i
' BEE YT
b !
! |

in

TEMPERATURE. L IMIT ALTITUDE

Fliey .

o \A

P2-poocs]

68587

s

PAGE

12,000FPs

V=

/

FLEVONS

s Parse

®

ALBAMINL teRL

KE

B005R7 00020031 0001-1

AP0

THE BOEING COMPAN

DATE

REVISED

A

2usol g oo

t!!'

b~
T

b

4

CALC

CHECK
APrR
APR

<5



i i i . H \ B ' , * .
i A S R AU SRS SR SR S .
; ; ! ! L g Vo ,
; T S e B S e It SSUPIp S
F T o ;. : i ! | i ."w W
H i . i : R P i . [N
: : : : i o P P
8 R bt . . i...:..,". P A e et * R c...!ql»l.l-... D S i
o RN U W. l...:.con. ~1,000 nmm.ﬂ
o (VRO U N SOOI SN AN LS S .
T e . ° 4
W : N M g M. _
) N ! N

|
!
!

5% ORI SR

Ty

"”T":"T"_“"T”f""

.....

e i

Q2000410001-1

34R00

3110115 : GIA-RDP70B0058

[ S ;

[UFIY PURPIIE SIS SSRS S
H : [ :
i : :
. H
. 1)

: R
U SR S

R B

. % S e

[
t
i

— -.o-li
_ i

.
a‘.}.’l« ...I‘O.Il —

m et —
[ DUASEEr
‘ ,

P

- "“"i""‘:‘"

Eh I
O | tawes

.....

B S

1
t
¢
4

GLIDER -~
RATURE ©

_LE?(E
. o
BN R IERE
I M }.J.
i

Mk ey

‘L]M]’r_ e . : _"_

it 5 et

5.8
pa387

PAGS

TEMPERATURE LIMIT ALTITUDE

E!

(4,000 FPS

V=

EVONS

-fb2-8o0eys

AN NS FAFED

[ 3

1 ALSARLIRE 1084

THE BOEING COMPANY

PATE

Lo et
'
Co e

.- 5....
. e 5 . R.. o .
yiE B i AR
wRE- : lim}.w.ﬁwszw,
< ) L 5. ' '
thate S R ] O ;
B NONTHN S SR SF J RUPSSE RSO
- 5 Lo W'mw :
: IR
S EITIN BER IR m 1
- . ; E iAo 1 aant
SUE il Bl
AR SR S S I N R .
; 1_ Sl s : -
SR S R B el
|- o I ! .“ : ..
” R lm R i et
,_, : _ | L ' .m |
m , i i

B

REVISED

/‘) I el -~/

’I
rd

,1’-"-/)'{:': .
124 Btaf

£z

e

caLC mgf

CHECX
e

APR
U3 4013 8000

{

.'.i

@Z



P Y. 1 Y. V<

B

68547

Se

VG

aren

PAGE
519

CLY LAY L 19

&, 000 FPRS

/

IS t
et ek a gt e

A
-.

s

Va
HE BOEING COMPANY
“$1A-RDP70B00584R000200F0 081

SR —

1

¢

720N
EVONS

Tl SHINETS :
rAck < pes.

Y]

i
.
o

4

URFACE

)
u
r,

Q'p
P
TEMBERATURE t/MIT ALTITUDE

1

= fLEvON UPPER

WER &
%O
DATS

b

{

14

AR

REVISED

1
1
N

¢!

| i or 7

L EVON - L

Approved For Releata’?

[32dat]

ALC T D& BEANCITY12-
PN ‘
US 4013 #000

CHECK
APR
AP




1
-

Y

S 0

b i et o i b e 4

[

Rt SO

,m.\ﬂ...,H ) W..“._
‘,....‘M\,.'wa‘ q .

R

IR I

!
t
|
i

s

. R
R SURFACE .

E.
fe

[l o
oW,

[

4

..Qy

s

| Basclsin
TEMPERAT,

SUE FRCE |

-t
oy

= ELEVON

—ELEVON

! s !
i Lo -
40 i :

58387

EVONS ~ V=18700 FPS5

£

. H N ‘ . .. ” i . N i . K - !
j i H : ; A U ! P o
8 w : m m . m * w,m [ toe : M Ve O
i e o ot : ; <f S| §
— ﬁ : t s : B e T Rt T DDy Spu N Q ~
SR I : i b e g i 1 : rr/> 1ol
; i i ; . Bi m : w : i H : P o~ n
\..l-i;m .- “ - i = .T - - r?....p...i.samt - t‘ SO S e -2
oL ) IR e
R 5 S DU R LN SR
b e -l.@m.‘c- R 4 —p—h g AT Ty ! SN -h‘. .
A L7y : |
P B

ALBANINE teaL
10 TR INS PRrea

THE BOEING COMPANY

k—RDP70800584R00020001 O(ﬂﬁ-

add,

AR NTEMPERATUR £ LiMIT ALTITUOE

R KM O
o Lnad day

Approved For Release 2003/10/1

uUs 4212 000

b
| . [N 1e
. i X ! 1 .
> , ! : g N - . r
5 v—wythA } ; .,o,.\m M H : . I
M it f : m
SN e A T E S St e e ok s b €l
gt o 8l SR 1 R
: 3 . B . 1 M . 3
- I : . . ! ; ! S I Y 5
FESPRNC) IS S - - H i | s ! : s
i I R T — L e et L1 1
: : HEN . : o . H : N N t ) 1
YRR TR N L : i . b H i LAl
S N R o m R R I ~ o
7 e - . ! 3 - B .n.}l‘r{;”.w»; JRSY S ﬂ
i : ; : . T : : ; N
ST ! SN SN A N SO kS A S . gl
e -~ ——— s STV PUPIHES SOV S S0 SO S S - - SO SO, SR -1 vt
; R { 1 1 : i .
.M SR o : I LN H - . i : Wi
i [ A A A A M S R T T h
! i ; : : “ . . : vy ol e
4 i ; : m m. LR KD
e e - A A
-
3~ :ﬁ \v




R R R R A A It
[ m EEIR I Sef e boony . M. * T DU SR SN H . 4 i ! :
R T R oY I M v wv ~ : Bt i ! |
: S S A s ey %‘ h_,m. rmane sl IR b b P
L R : o ! oot R : ; ! ,a : M
K A L | : SRR Ay ! P ! ;
Lo i ' i ; ' . i Sy i : i
_ ltwonl.l;..x..c.,\...w:c.w; R it S S .. B S S - - ; .
i 4 . ' i N i . i ! . : 4
: oo H S [ ! o o ' ! i i
LI ST SO S | oL ) ] :
: + SO g g T den LI Cd N
D H M ,» ! *
: { . H !

| ARTA 000 ~+  BanLiiny

R e I s il o TSN B o heegee s
P 1 m Lo A :

MR NN
T , : T ;

-
240

!
230

i

)
220

i
WY W

)
%
o
]
!

i . v

. ,” . | i |
SIS SO S RIS NUNS SRS RS B NS N u W " 0o
,n _ ‘ ﬁ * m At ......... : m a »Ad.,%rﬂ.. - m .. l.ﬂ\‘lt
: S T N A SR ! : P o
, : w 1 | ,_ , : o I
R Rttty DT S PERI SIS CURS SIS GUEDISP U b i
o ‘ UW S - % T
e e L LA 0 i
e t {0 { ¢ N v , 2 .
- S R A - & by
=R N I R st
m NI S S o et el o \\ i o ,w I S m el
; i e i i i b IR o
e v 5/ o b, o ' o
A2 b AN . izz ] <
v ; : ; , i ped e O G e e e
G i ! f w0 oy ~ " | , | L :
: . m m M . \ S i . -3 B Pl O :
¥ I T3 SR RIS SESUY SRR S AU B b= ot oo ; i
“ i ,_ . “ . . : L ll.,ﬁw-ss l“ L & P N.. P w e et -
- _ Y A ol S D Co i w ;
S i R A G ; ! : . J !
T (TSN GETEI AT NI NIV ek v Ad i A : ;
gk g i ey f o @
S FUTEE SO N S R (R 2 e z
R DL S SN WA Y BRI <
w o « . - M - .. P AT g l!.!mn,a.. SRR S ~ e . m - .;‘Iw..!.t!?”r!. -
S SR TR IOUVOR L R S j ! L : ' !
: X ; o ! S IR - b : : : ‘
R L I o “ ! :
- »., ,....J«-.z..I.M!....,-.lf.:. B R ET . . ..:4&2#1 e R ,5 . vw...!i — - Qﬁ - PR
T : RIS | N
) ! _ m . o ' ! :
B RO . e Do o .
i ‘ R : i !
- S R, § | |
i : .m el : -
m :

88387

S.u

AR 11N

S e |
D2 -B0ced

| YA
PAGE

taacien PAFLS

V=20,100

?

THE BOEING COMPANY
-RDP70B00584R00020001066x -1,

TEMPERATURE. LIMIT ALTITUDE
"LENVONS

DATE

iR 3Ll Revseo

B o dowy

CHECK § A T

_jAPR
APR

us 4ar3 sooo Approved For Release

catc {BWR

e
2



— ! M
KA S 1 ;
TR i v
s w e
fr—t At
S I
LJ...r.x..m.-I wes e e o
© i i i
A e w.
- :
T = TS T S
N . :
=3 i ;
(=3 : i
o ! N
- RI‘ m s 10*
< - :
mow A i
S SO0 U SR
S : ]
8 | |
K= | ‘
M . {
- 4.
(]
o

T
]
! i

)

;zw}@g@mﬁ

et 1.«!.&(;.

B R e

.....

OCO. ~ | MQD.E.PJ(

,;.,I.,.%;.l Q .

AR < I
EEI)

. 250

y v Y .
m i 1 P
s .
i { f o
T Sant Suliandhalin ateanbhinbe S
! ! t |
: ¢ Sl
¢ i oo Y
. D R INRHAPOR R S S
Lo
. Lo
- " o
!

':iﬁé(léa

.
m
RE
M

FUUA TS ISR SSap

_nlv
31 g : i
< . i i
o i
1 SR T S O
W. : i ; !
TR i : P
i | ‘
5= E N B B
R = i :
NS i : A
i ! ! i
SR R N ao.m‘
T : ;
Lo ) ‘
S HEE SR !
I : 4 B!
IS SR S P g
‘ H : !
H i
. ; i

TTACK ~ DEGREES

':"";ANGLE_’”OF A

T - H
S ¥ 1o
o

o
L]
! '
3 :
i ‘
- s

v
o
)
. i =
I 9 i N .
L R

; }
! o
+4 B
Py

[P SR S

Fre,

S.19
D2 - 80045]

PAGE

s

TEMPERATURE LIMIT ALTITUDE
)

ELFVONS

V = 23000 FPS

THE BOEING COMPANY

. DATE

-2=6l] Rewiseo

cALC B

cHEck | ALT

ABPR

APR

NS

3\“' ({0 U3 4013 8000




S SRR NS AR
] szo%oq&aARaoc )
i | P S

tu:vm UPPER SURFACE o
EL.EVON LOWER SURFACE - | 250+

§ N
HEN

-y -
i

ot M PP . . H i
e s g A B 3 < e s = s et imom §

CALC [BWE =641 revesn Toare | ' - - F"aca
CHERCK § & C T ozl oo TEMPERATURE LWIT ALTITUDES |, S.20

o - ELEVONS | V= 27000 FPS.

APR

L D2 B OBES]

PASK

| _ ' THE BOEING COMPANY 523
- Approved-Fefl ‘ ~CHA-RBP70B60564R00020061000
U3 4013 $00€© e %Eal 5 &?Wﬁc ‘k’gu IMHM- Jm 68387




o] ke o i ]

4R00

I

058

70B0

i

DP

R

’

1

&8

it

<

3

Se 200

T

as

Rel

e

oved For

i ArP"

U S —— N

o Wi

CHECK

D 28

CONFDERTI

C T Eesal
LIMUIT  AMTITVOE. ..] Baa-
2850 O
Rvoper .
Y= Zood Fps 02-80065
. § PAOE
St

U3 4041 7000

OOy e

aLpanEne 1o

eerve
hacmg vrta




:
e
B
=
=)
[=]
[= 2]
w4
[=]
[=]
o
-
S
(=}
7.
.

. 0
3
[=]
-

;upeil

o
_— !
2boi‘z/1011i5 :Cl

'Apprgved !:or Rgl

1
'
|
'
1

J.

i

ron [T

~ i i

£ ,
e§sé
|

v

Sﬁam%ﬁ

:t\ﬁ »80

S SN NN SO
t >

gmmsmzﬁr ———

1
1
. N : : ‘
e EQUBLIGE =0

 Flesaz

-

I

CALC | . Busae? Laspél »msmno DATE rEMEE, = 2mtir AT . Nowomu
CHECK | DEB 2- 199G\ \@_ & Q55 H 8
g e Ve/a000 rFAs D2-80065
. = . .} PAGE

5.28

%xﬂmmmﬁmm

US 404t 7000

gﬁamm

KeE gosment ion  sane



CORFIGERTAL _ CORFIDEITI

i
b

ozdom 0001-1'

i

02000106011

|
!

0584R00

L

e

S

t

70BD058

Rl:i 0B0

|
|
&
]
L

Base” m.u.ﬁmh mm.lwn A
M#»%».é.. 211 i

é, e e

8 cia

ﬁi @A-.Ru,
?lf v

LN

6110/

i
d %Fo:r Rel

- Ilus.iew
-
-2
' o
o
<.
I|H T e S S e Tt AP UL S U S SO P S U SO - i i Lo
o \e«enm ‘oF \_:.ina tbmm : : T i ‘ | Fle. 523
— i X L] cALe 1% 12 |} REVISED | DATE
- N G N . T 844
Gr. 523 L . “JzoseD
B8aa- [ M
2350 D S -4 . ___ . |oz-Booes]
N.Q@D&M . - . b e R : to “ B wﬂm, NS ‘. 1 T ERED PAGE ]
T ry . . b e i o ! ; MA» : Lo 1} s26
AGE - €

5,26

m@ z@wﬂ_ﬂ ) T | DRREINENT Y

LS anat wnan

NoE  Asanenc ton sasre



SR <

010001-

.

000200

_ :
; g
i el
¢ '8
M 3
: —
.2
- ' B -3
s
S
. , .
- - - R . _ S St A B S S L ol el
L ANGLE OF ATTACK -~ DES, : _ { .
S , S R SN S SR e le gwe ronsio L2 TEMPERATVRE  LipiT  ALTITVRSS 844-
ad- s a C ’ R i T e boEB 12-12l 5 RUDLER . | }Eesep

Vo |4,060 FPS . lpz-goses

.{rmos
s

e - : APPO
i - S - e R

=] ¢ T GNFENTUL

CONFIDENTIAL

U3 a04t 7000 CRE et oan e

Radded - . R e - - P



1
-
-
o
=1
=]
-
=3
=1
=1
N
=3
=1
=]
TS 4
<t
-jeo
qe
=]
=1
o
<]
~
o
)

L ‘AﬁnFéiiérL

“iees o oo o R . e 57
: o 20 .NM -3 . Y B
: 1] I 2 Ve

S T T NGLE. OF . ATTACK e DEGC. o o : , . -
. . : ! N LN!:]:W | s m o : o M cALe 3 \N~ 1 Q REVISED DATE .ﬂ.m&mm s. émml,_ o H - \ et ] M
FINES A WS N e R A RS v /7 2270 Ci b U RUPDER. et T gy ganes

?_.u.hn:_umm,iw\..., Z0S0D

Y : Ly Si4,00Q FPS. oo |
.wwaoPMJ ..!..l:iw;n,\\xamw\ 2L o
\G&

| .gm%mmﬁr! e g



Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

el

K L

| Fl&: m 26

- © 1] 844-
(2. 2. Rasvall | srer-&r)] wEMSED Temrt AR RS | Larser . BATITVOES i Foson

J == A Lo i Rupo€RS .. . e ot
. _, 1 VL e Zee FAF. . [PTBO0ES
i ER Ll 'DDm. e

529

#

a g%w%_z T R o

KE u....nu._.....". o

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1



TR T

N R S

200010001

¢
1
i

JOGFNRUUUZUUUTUOV Illl

|
1
i
|

‘ ) ki4‘-‘<uw

T
RDR70B005

20063/46/45--'CH

|
5

i

b

B

v
L

For|Reliegse 2003/10/15 : CIA-

pproved-Fort

' Apgroved

]
; T Fi6, 5.27!
e lng perETT|iz ol venseo | on's | e pERATURE LINIT ALTITUDE | B8,

RULDERS V=20,70CFPS L, aoaes

5 | T T T T ANGLE OF ATTACK~DEG.

ad - . P I ORI e S : THeek | T L B, X

. PACKE

S A I .} 530
o® i L P N . . ] . : -

- o EORFOEHT | | oo CONFRwmy e s




i
e
=
=
BR——
-
F =
1=
=
g
(=]

)

00584R

‘RDP 708

i

i
e
2003’{1.0/1

[

1

pproved F‘pr;RéIeaseg
. ! ,

6. 5.28
Bda-
20500

ow...wvovm

PAGS
531

TR aas7e
e rarn

a%ama_z

584R000

I'A’-Rb'_Fi?‘io

SERNENNES

pproved For Rele
|

\;ﬁnm

0»&3& wmz.b&

SR '

g B A
i

i

ﬂ.m 5. Nm

REVISED

S/

RUDDERS V-

TEMFPERATULE LINMIT ﬁd@ﬁ& B

23

844~

COOFPS  rgwes

R

R L
! i Iz

Szzmmv EH

U3 4041 7000

COKFIDENTIA

aumangag 1980 eas7e
rasiea Susts

KE 3



-1 I '

0001-1
001
1

i

go100

R0002000

4R00020

|
Ry
384

989

:ITD.j,

| e SRR

h03/1D/15 : CIA

Fig. 529 = : T e 3 - ponren
844 - ; . H A SN IS, . > :
2050D = ; . aa : : 4 . R f : . .A e e : Tem = —r

oy

v.r(moomﬂ

PAGE
5. An.wN,

O e B I | i s o I R M
I _ _ CONFIDENTIZL  wr g

o N RAREnELTIEr (R - U3 4oa1 7000



W

T R i 0 LA s
Y G R

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

R T

ALLOWABLE. RUDGER DEFLECTION ANGLE , g alLpw ~ DEGREES |

~CORFIBERTIAL

BR ,ALLOW, 820
ase

2 4 @

Ve M Approved For Release 2003/%5&%0300584%0020001odb'?

0 s 0
SIDESLIP ANGLE , A ~ DEGREES
: Fl6.5.30
CALC |TUB/BWE -6l Rewseo | oars MAXIMUM ALLOWABLSR zgagso-b
CHECK | '.,“(’: \ ! 2 4
e R JDDER DEFLECTION P
are PASE
THE BOEING COMPANY -
assnEnE Teeu ORIV

1;’ ear i Saren




im/{'

7%

Approved For: Release 200

3/1 0/15 : CIA-RDP70B00584R000200010001-1

CONFIDENTIAL,

]
i

SR, ALOW, 820

\ . 350

R
SIDESLIP ANGLE , & ~ DEGREES

4 % . 8 0

v F16.531
cuc JO/NR  judel nvs LoMEl MAXIMUM ALLOWABLE |, S¥-
wer |l T, W, RN VPN ' et
— RUDDER DEFLECTION  [Siseocs
APR . PAGE

THE BOEING COMPANY s
EEERESSE m?lnENTIAl e 3..-:::;.::. [¥-"%1

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1-

{



i
i
"
5
_.‘-«
&
¢
i

T TR

Bt

bo1-11

1

bodzo@d’dﬁe |

|

i
i

r t\!xw:.
&gk
o i b
190 T 20U SRS SR
ST
0 Ll.‘...!l.“l.‘.v.vl..

} o
: _%w*
4o

?-_.."-. _‘i:...t..__

L N“l
|

}
|

e e

v

TORTIIETA™

i
B i
O gl
e‘. H
A b
o - A -
T S
Q Pt
[ | P
U R S FE
O , 4,
{ L.m.

- Approved F

&,

t
i
“
i
f
I

]
R
ERE
3
| S
‘
-

i

oo ,.hmqgm,.m_a...h

'

{

[ NS

I

P

,..5@2( _,Nzo:.u.w

Mwnaa&._ BNEYMOTIV

1
4
i
i

]
i

2,
S TRIDESUPT A
B A

~

t
- Lol
uoot
[

L@
NELE , &

f
'

S SUSIN

f’t“‘"" N

e

. e mmeaa

!

s O Dt

i
RINS

R I

!

219-61

e

CALE {TOB/Bwr.

CHECK

MAXITMUM ALLOWABLE
RUYDDER DEFLECTION

(LYt W )

ALBANENME 1081

@®

THE BOEING COMPANY

DATE

REVISED

66 ' = ARU0020007T0007
R RYERTTEpEess #e

NN Ty,

TV,

AbDDro
L)

Us 4013 8000

APR
APR




o

AN

T Npproved For Release 2003/10/15: CIA-RDP70B00584R000200010001-1

i

ALLOWABLE ‘RUDDER 'DEFLECTION ANGLE , 8g alow ~ DEGREES | .

B 8 B

B

o

m :

-
{

i

il

S R ,ALLOW, A0

H H
]

e

1 BT P
i

i

S

"""'r' = "',f{"f”"‘;""f‘ T

o]

H
'
v e s i
~b ~

.7»-; ?...,’.:;_;.

1

i
‘
"

X

4
" SIDESLIP ANGLE. , 8 v DEGREES

® 8

L_fmet.g orF Aﬁm_:x,o(.,,-ssﬂ

i
He
; .
RISV A |
¢
£i..7, :
PRI USRI PR
: 1
: : :
o :
i Y
! :
i .
= N SR
. i
; i
R
FRRANE I {
P I
o l H
U R
AR
PR o
¢ :
S :
‘.. . -
: S
1t i
' R
: !
' :
M M
' .
.
. —

iEe.s38

¥

L
i

CALC

TR/ BT

12196

REVISED

DATE

CRECK

e

1

. /j [T

L

APR

APR

MAXIMUM ALLOWABLE
RUDDER OEFLECTION

T B44 -~
20500

D2~ BOOGY

THE BOEING COMPANY

PAGHE

£36

U3 400

3 000

(0

Ke! ALBANT ML 1980
@ 'esane raran

48547

RFIDENTIAL

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

!



-

22

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

CONFIDENTIAL

6.0

12-20 -9

GLIDER STATIC STABILITY AND CONTROL

The static stability and control aerodynamic characteristics and

. surface hinge moment characteristics for the Dyna Soar glider,

model 844-2050 revision D are presented in the following sub sections.
The data from Mach number of 22 and 250,000 feet altitude through low
speed landing are based on wind tunnel data, Modifications to these
data were required to account for configuration changes that occurred
on the last revision to the glider configuration.

Most of the data presented are for the rigid glider. Effects of ther-
mal detormation on longitudinal stability and control are presented
at hypersonic speeds. Only limited data on the aercelastic glider
are presented. These data are shown in Section 8. In general, the
effects of thermal deformation and aeroelasticity are small.
Additional work is currently in progress to better det'ine these
characteristics. These data will be presented in future revisions

to this document.

Some limited data are also presented on longitudinal stability and
control at extreme altitudes at near orbital velocity. Data are
presented at altitudes to 500,000 feet where free molecular flow was
assumed. These data are based on the limited theory available and
maybe subject to significant errors, particularly at the intermediate
altitudes around 350,000 feet.
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61 LONGITUDINAL STABILITY AND CONTROL

Presented in this section are the static longitudinal stability
parameters of the Dyna-Soar glider configur:tion 844-2050 D over the
.Mach range from landing speed to highlypersonic. Longitudinal
. 8tability and elevon effectiveness are defined by normal force and
.pitching moment coefficients presented at the nominal center of gravity
location of 44% of the mean aerodynamic chord and water line 124,

At hypersonic speeds, the glider is subject to thermal deformation
produced by the flight temperature environment. Data are presented
for the resulting configuration and are identified -as "hot shape".

. 411 date presented in this section are representative of the rigid
glider. Aeroelastic effects have been determined and are included in
Section 8.0, ' < ‘

"Longitudinal stability and elevon effectiveness over the Mach range
are summarized in the following Figures; ( ¢.l ) trimmed aerodynamic
center, ( 6.2 ) normal force curve slope, { ¢.3) pitching moment and .
angle of attack at zero normal force, ( ¢.4) “elevon required to trim,
end ( 6.5 ) elevon effectiveness.
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6.1.1 LANDING SPEED

g ongl tudinal stability and elevon cffcctivenoas plots are preaent!d

in Figurea &.6 . for the glider at a Mach number typical of

.- landing speed. The trimmed norwal force coefficients available at
any ungle of sttack at landing speed are shown in Figure o7 .
These data were determined from test 685 in the Boeing Transonic

~ Wind Tunnel and modified to the revision D configuration through the
a.ppucetion of data from Boeing ‘].‘mnsonic test 682, :

The change in stability end control eﬂ.‘aotimesa with landing gear
extended in the presence of a ground plane is shown in Figure ¢.b.
This effect was determined from wind tunnel tests in the Boeing
- Transonic Wind Tunnel on a similar configuration and this data was
used to estimate the effect for the present configuration.
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6.1.2  SUBSONIC - TRANSONIC SPEED

The longitudinal static stability and control effectiveness characterw
istics for the model 844+-2050 revision D glider are shown in Figures

%8 through 6.1+, for the subsonic - transonic speed range. The
corresponding trimmed normal force coefficients available at any
angle of attack are shown in Figure €.17. The data are based on

Boeing Transonic Wind Tumnel tests 672 and 685 and modified by data

from Boeing Transonic test 682 . _ .
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6.1.3  SUPERSONIC SPEED

The longitudinal static stability and control characteristics for
the model 844-2050 revision D glider configuration are shown in
Figures€.\4 through &.16 for supersonic speeds. The corresponding
normal force coefficients available at any angle of attack are shown
in Figure 6.7 . These data are based on Boeing Supersonic Wind

Tunnel tests 105 and 113.
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6.1.%

(2201

" deviations are negligible on stability and control characteristics in

The data shown at 250,000 feet altitude are from test data in the

HYPERSONIC SPEED -

Longitudinal static stability and control characteristics for model
844-2050 D glider configuration are shown in Figures&.\8 through
©.b2 for hypersonic speeds. Curves of longitudinal stability,
longitudinal aserodynamic center, trim requirements, trimmed normal
force and control effectiveness are shown at individual Mach numbers
of 6, 8, 9, 11, 16 and 22 with two Reynolds numbers considered at

a Mach number of 9.  Figures are based on modified test data obtained
at Jet Propulsion Laboratory 21" Hypersonic Wind Tunnel (M = 6, 9, 11),
Arnold Center Turnel B (M = 8) and Boeing Hot Shot Wind Tunnel (M = 16
22), Theoretical corrections to test data have been made at low
angles of attack to account for configuration modifications consisting
of an upper aft body flare and a thicker vertical tail.

Low angle of attack data ( @< 20°) at M = 6, 9, 11 and high angle of
attack data ( X P 20°) at M = 16, 22 have been extrapolated on the
basis of M = 8 data, previous wind tunnel tests of similar configur-
ations and theoretical estimates.

Basic hypersonic test models were thermally deformed configurations
("hot shape") which had a 4 degree nose inclination as opposed to
the cold 3 degree shape. Figures for both "hot" and "cold” con-
figurations are shown for Mach numbers of 6, 8, and 9 with only
"hot shape" shown for higher Mach numbers.

The continuous flow facilitlies at Mach numbers of 11 and below are
capable of matching flight conditions and yield consistent data.

At high Mach numbers "hot shot" data show a much higher degree of
scattier, While the "hot shot" test conditions cannot duplicate
flight enthalpy and slight conical nozzle effects are present, these

comparison to data scatter.

In the rarefied gas regime, curves are presented at intermediate
altitudes between the "cold shape” continuum flow wvalues at 250,000
feet end the free molecule values at 500,000 feet. These data are
assumed to apply in the speed regime above 20,000 feet per second.

Boeing Hot Shot tumnel at a Mach number of 22. Free molecular flow
was assumed to exist at 500,000 feet altitude. Full momentum transfer
of the particles was assumed. The effect of re-emission was con-
sidered to be negligible. At intermediate altitudes the Knudsen
aumber, which may be considered a similarity number for rarefied
flows, was used to establish a rational interpolation. The free
molecule values of pltching moment and normal force were approached

as the Knudsen number became large, The incremental modification

to the “cold shape" continuum deta was obtained in the following
manners :

U3 4070 TOO0 REV, 3/6%
, T CONFIDENTIAL s | onosoece
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6.1.t HYPERSONIC SPEED (Cont'd)

- < -) ) - x
K . (AC — AC,  wWHERE K= -5
K+1§C'£%0MFTT1 A d

R A= MEAN - FRE £~ PATH
e } T S =T s UG
-———-—-K . ( ) . = - K ) . -
K+l aC, CONT~FIt Ay d=%w  «<Ii§
' . € = MEAN AERODYNAMIC CHORD
| T8, = WING THICKNESS

At altitudes up to 350,000 £t where significant continuum effects may
still exist, a decrease in ‘elevon effectiveness was considered. A
thickening of the large hypersonic boundary layer as it expands around
the upward deflected elevon will decrease the effective angle of ex-
pansion. By use of a computer program which numerically integrates
the boundary layer equations, Refefencesl¢2, momentum thicknesses
were obtained before and-after the expansion. Loss in effectiveness
was then obtained from the effective angle of expansion along the
chord of the elevon in the form of.%éf . Additional snalytical and
: : : : I N .. ;
experimental work is continuing in this region of rarefied gas dynamicd.
. oL ‘ L , PR A

rs
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6.1.5

CONFIDENTIAL

ELEVON AS AILERON - PITCH COUPLING

Effects on normal force and pitching moment of symmetrical elevon
deflections about a trim position for subsonic and supersonic speeds
are shown in Pigure .63, These curves are based on wind tunnel
data and are applicable through 4 degrees aileron deflection. At
larger aileron deflections non-linear characteristics appear.

Hypersonic aileron-pitch coupling effects are shown in Figures ¢.64&
and 6.65. These curves are based on faired wind tunnel data and are
assumed linear to 10 degrees of aileron deflection.

The substantial increase in Cwmg, from supersonic to hypersonic
speeds, Figures ¢.63 and G.64 , is attributed primarily to the range

of aileron deflections from which the slopes of non linear data were
taken. At hypersonic speeds where dynamic pressure is low,a given
roll response requires large aileron deflections. Therefore it is
more desirable for simulator data inputs to define Cmg over a larger
range of aileron deflections. i :

More refined derivatives can be derived for hypersonic speeds from
the data presented in Figures6.S6 through .62, Each elevon or
_aileron should be treated independently. The effect in pitch can be
determined by taking one-half the incremental moment between the
trimmed elevon position and the deflected aileron position. Summing
these two increments algebraically gives the total aileron effect on
pitching moment. : : :

.

U3 4070 7000 REV. 8/61 ' '
CONFIDENTIAL o psrmr oo s00es

Approved For Release 2003/10/15 : CIA-RDP70B0

25100




]
mw_uw
A EAE:
J -
12w
- £
I w W
qLry | <
=12 » W
19
Cl._ﬁ O
.w Q
‘.,u».‘o Og
— i
PW O
~ e
1o 2 | &
EQJ
i
2 5
< w
et !
12 .
ST
AR 9
1RERE
N -
&
-~ L.
B o
D S
b
o
ol
<L
-
i 4
il
9i8l, |,
Si51%ls
Na
N

63387

TRAGING PAFER

ALBANENE 1980
®

KE

U3 4013 8000



£y

- Approved ¢

g

NOLE: SYrITIETRIC DEELECTION S

My

v

[

| POSITION .

s

L ABOUT Bg 1

Anpr
L

US 4013 8000

. 8 N

cALC § L [J) K W2JEC[)| REVISED | PATR AILERON/PITCH COUPLING 2:;0-;,-

CHECK Al BLTCHING MOMENT

o HYPERSONIC PR-80068

APR PAGE
THE BOEING COMPANY PRTS




48337

.73

-1L.AN!N‘ 1oL

PAEXOES

PAGE

2050:D
D

T Fle. 6.6
844-

®

‘HYPER SONIC
THE BOEING COMPANY

iR 7UBU0584R0002000 0G0

NORMAL FORCE

AILERON/PITCH COUPLING

£ 4

DATE

g‘.

4

-
prag]

o wonsas VPR .
T G DR TIIA DIHLT LIRS TTLONTT

v

s LI

re

&)
A

46 REVISED

_ _ i

4013 8 '
us °§|E|UIMECII ot ItEIEiﬁ%

CALC

CHECK
FR
PR

7

-
C



A A PR T S B e .

Approved For Release 2003/10/15 : CIA-RDP70B00584R000200010001-1

CONFIDENTIAL

¢ 6.1.6 ROTARY DERIVATIVES

Pitch damping derivative Cm, ; shown in Figure 6.6& , was obtained
from NASA reports of similar confi urations. These data were also
compared with linear theory which showed reasonable agreement at
supersonic speeds but was nearly double the empirical value at sub-
sonic speeds. Data from Langely Research Center Free Flight Wind
Tunnel showing the effects of angle of attack and oscillation
frequency on Cmg and Cmg are shown in Figureé.L7? « Additional
theoretical and experimental work is plamnned to further define these
derivatives, -

12202 =
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6147 ELEVON HINGE MOMENT CHARACTERISTICS

The elevon hinge moment coeffiéients are for the current glider
configuration, 844-2050D.

The data used for the curves presented in Figures 6.68&through
6.88 consists of wind tunnel data obtained at the Boeing Transonic
gnd Supersonic Tunnels, Tests BTWT 685 and BSWT 113 and then
modified to the 844-2050D rigid glider.

The curves for the hinge moment derivatives Cu, » Chge and Cy . »
as shown in Figures b.&8 through 6.7© , and the curve for the

~ coefficient Cy, » a8 shown in Figure @.7! , summarize the change

" in the linearized coefficient data with a variation in Mach
number. All data are based on an elevon 2 Ma value equal to
1222 in-ft. sq. and an area equal to 22,9 ft. sqe per elevon.

Detailed elevon hinge moment coefficients and their variation with
elevon deflection ( Se ) and glider angle of attack ( £ ) are
shown in Figures¢.72 throughé.80 . These data are not linear

for the transonic speed range of Mach number equal to .90 through
1.1, : '

Figures 6.8/ thmughb.sg show the relationship between elevon trim
position and elevon float position and may be used to determine
the elevon actuator load reversal points. The elevon required to
trim information is a repeat of data in section 6,1, Longitudinal
Stability and Control.
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CONFIDENTIAL

LATERAL-DIRECTIONAL STABILITY AND CONTROL

Lateral-directional stability and control characteristics for model
844-2050 D glider configuration are presented in Figures6.89 through
&.97. All data shown are for a rigid glider with the c.g. at JAbhc
and waterline 124, Aeroelastic effects are given in section 8.
Figures are shown with the elevons in longitudinal trim position,
except for the aileron characteristics where symmetric deflections
from the trim position have been considered. Summary Mach number
curves of directional aerodynamic center, directional stability, lat-
eral stability and side force derivative are shown in Figuresé.67-&.92
Lateral-directionsal control characteristics, yawing and rolling moment
variation with rudder or aileron deflection, are shown in Figures
6.93% throughé.?7 ., At individual Mach numbers, lateral-directional
characteristics have been presented versus sideslip angle to show
existing non-linearities. More detall of the incremental effects of
rudder or aileron deflections has also been shown at constant Mach
numbers. Rudders are deflected about a 6 degree trail position be-
low a Mach number of 2,5 and about a position faired with the ver-
tical at higher Mach numbers. Both rudders are deflected simultan-
eously between limits of 12 degrees inboard and 35 degrees outboard.

Curves are based on wind tunnel data and analytical estimates., Sub-
sonic and transonic data were obtained in the Boeing Transonic Wind
Tunnel, while supersonic data came from tests in the Boeing Super-
onic Wind Tunnel. Jet Propulsion Laboratory 21" Hypersonic Wind
Tunnel and Arnold Center Tunnel B provided the hypersonic data.

" Consideration was also given to previous high Mach number data from
Boeing Hot Shot Wind Tunnel on a similar glider configuration.
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CONFIDENTIAL

6.2.1 LANDING SPEED - GEAR AND GEAR DOORS EXTENDED

The stability characteristics as shown on Figure6.98 are based on
wind tunnel data for gear only from test BIWT 634, on glider data
from test BIWT 682 and BTWT 685 and on calculation for gear doors
extended for the 844-2050 D rigid glider. Test data for the
complete built up configuration of 844-2050 D glider with gear and
gear doors, extended will be obtained in the near future.

7 Aileron characteristics and rudder effectiveness will be covered
under Lateral Directional Subsonic and Transonic Speed 6.2.2.
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6.2.2

12-20 -}

SUBSONIC-TRANSONIC SPEED

Presented in this section are lateral directional stability, rudder
effectiveness and aileron characteristics for the 844-2050 Revision
D glider through the subsonic-transonic speed range.

Glider stability is shown in plots of. Cp, Cy and <’% vs (3 in figures
&.97throughbo3 at Mach numbers of .50, «90, 95, 1.0 and 1.10 for

an elevon deflection of -10°. These data are based on Boeing tran-
sonic wind tunnel test 685 and modified for the Revision D configuratig

Figuresélos throughé.logpresent rudder effectiveness for an elevon
deflection of -10° at Mach numbers of .50, .80, .90, 95 and 1.10.
The data are shown as Cp, Cy and C; vs §, and are based on Boeing
transonic tests 672 and 6827 Dual rudder characteristics are shown
in figuresélo4throughé.l0fand are representative of normal in-flight
rudder operation. Figuresé.09throughé.n3present the single rudder
characteristics upon which the dual rudder data is based. . The single
rudder data may be used to determine rudder effectiveness at any
initial rudder anglee.

Aileron characteristics, Cp, Cy and vs Sa are shown in figuresé. 4
throughé.n7 for Mach numbers of” .50, .00, +95 and 1.10. These data
represent elevon deflections of =10° to -15° and are based on Boeing
transonic test 672. )
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